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(57) ABSTRACT 
A process is disclosed for the detection of an analyte 
utilizing a nucleic acid label as a reporter. The analyte is 
detected by the binding of at least tWo reporter conjugates, 
each conjugate comprising a member of a binding pair and 
a nucleic acid label. The binding of the reporter conjugates 
to the analyte facilitates the juxtaposition of the nucleic acid 
labels, forming a single nucleic acid amplicon. The ampli 
con may then be detected directly, or may be used as a 
template of the generation of ampli?cation products. Detec 
tion of the analyte by this process signi?cantly reduces assay 
background caused by non-speci?c reporter conjugate bind 
mg. 
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METHOD FOR THE DETECTION OF AN 
ANALYTE BY MEANS OF A NUCLEIC ACID 

REPORTER 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/211,293, ?led Jun. 13, 2000. 

[0002] This invention Was made With support under 
CRADA DAMD 17-93-0762 With USAMRIID. Accord 
ingly the United States Government has certain rights in the 
invention. 

FIELD OF THE INVENTION 

[0003] This invention relates to immunoassays and the use 
of nucleic acid ampli?cation as a reporting means of the 
detection of an anlyte. More speci?cally analyte detection is 
achieved by forming an analyte dependent reporter-complex 
(ADRC), joining the reporter labels of the (ADRC), ampli 
fying the joining product of the tWo labels and detecting the 
ampli?cation product. Nucleic acid-labels are used to report 
analyte speci?c binding. Ampli?cation is achieved by rep 
lication of the joined nucleic acid-labels. The method 
reduces the background signal of a binding assay, thereby, 
providing means of a highly sensitive analyte detection. 

BACKGROUND OF THE INVENTION 

[0004] The development of immunoassays and advances 
in methods of nucleic acid ampli?cation have signi?cantly 
advanced the art of the detection of biological analytes. In 
spite of these advances, nonspeci?c binding of the analyte to 
be detected and general assay noise has remained a problem 
that has limited the application and sensitivity of such 
assays. Methods for the reduction of background noise are 
continually being sought. 
[0005] The introduction of immunoassays in the 1960’s 
and 1970’s greatly increased the number of analytes ame 
nable to precise and accurate measurement. Radio-immu 
noassays (RIAs) and immunoradiometric (IRMA) assays 
utiliZe radioisotopic labeling of either an antibody or a 
competing analyte to measure an analyte. Detection systems 
based on enZymes or ?uorescent labels Were then developed 
as an alternative to isotopic detection systems. D. L. Bates, 
Trends in Biotechnology, 5(7), 204 (1987), describes one 
such method based upon enZyme ampli?cation. In this 
method a secondary enZyme system is coupled to a primary 
enZyme label. For eXample, the primary enZyme can be 
linked catalytically to an additional system such as a sub 
strate cycle or an enZyme cascade. EnZyme ampli?cation 
results from the coupling of catalytic processes, either by 
direct modi?cation or by interaction With the product of the 
controlling enZyme. 

[0006] Us. Pat. No. 4,668,621 describes utiliZation of an 
enZyme-linked coagulation assay (ELCA) in an ampli?ed 
immunoassay using a clotting cascade to enhance sensitiv 
ity. The process involves clot formation due to thrombin 
activated ?brin formation from soluble ?brinogen and 
labeled solubiliZed ?brinogen. Ampli?cation of the amount 
of reportable ligand attached to solid-phase is obtained only 
by combining use of clotting factor conjugates With subse 
quent coagulation cascade reactions. 

[0007] Substrate/cofactor cycling is another variation of 
enZyme-mediated ampli?cation, and is based on the cycling 
of a cofactor or substrate that is generated by a primary 

May 2, 2002 

enZyme label. The product of the primary enZyme is a 
catalytic activator of an ampli?er cycle that responds in 
proportion to the concentration of substrate and hence the 
concentration of the enZyme label. An eXample of this type 
of substrate cycling system is described in Us. Pat. No. 
4,745,054. 

[0008] Vary et al., Clin. Chem., 32, 1696 (1986) describes 
an enZyme ampli?cation method suited to nucleic acid 
detection. This method is a strand displacement assay Which 
uses the unique ability of a polynucleotide to act as a 
substrate label Which can be released by a phosphorylase. 

[0009] BobroW et al., J. of Immunol. Methods, 125, 279 
(1989) discloses a method to improve detection or quanti 
tation of an analyte by catalyZed reporter deposition. Ampli 
?cation of the detector signal is achieved by activating a 
conjugate consisting of a detectably labeled substrate spe 
ci?c for the enZyme system, Wherein said conjugate then 
reacts With the analyte-dependent enZyme activation system 
to form an activated conjugate Which deposits Wherever 
receptor for the conjugate is immobiliZed. 

[0010] Nucleotide hybridiZation assays have been devel 
oped as a means for detection of speci?c nucleic acid 
sequences. US. Pat. No. 4,882,269 discloses an ampli?ed 
nucleic acid hybridiZation assay in Which a target nucleic 
acid is contacted With a complementary primary probe 
having a polymeric tail. A plurality of second signal-gener 
ating probes capable of binding to the polymeric tail are 
added to achieve ampli?ed detection of the target nucleic 
acid. Variations of this methodology are disclosed in PCT 
Application WO 89/03891 and European Patent Application 
204510, Which describe hybridiZation assays in Which 
ampli?er or multimer oligonucleotides are hybridiZed to a 
single-stranded nucleic acid unit Which has been bound to 
the targeted nucleic acid segment. Signal ampli?cation is 
accomplished by hybridiZing signal-emitting nucleic acid 
bases to these ampli?er and multimer strands. In all of these 
disclosures ampli?cation is achieved by mechanisms Which 
immobiliZe additional sites for attachment of signal-emitting 
probes. 
[0011] Journal of Clinical Microbiol. 28, 1968 (1990) 
describes a system for detection of ampli?ed Chlamydia 
trachomatis DNA from cervical specimens by ?uorometric 
quantitation in an enZyme immunoassay format Which 
includes a polymerase chain reaction. 

[0012] US. Pat. No. 5,665,539 describes a novel system 
and method for sensitive analyte detection using immuno 
PCR. This consists of a biotinylated DNA Which binds to 
analyte-dependent reporter-complex via a protein A-strepta 
vidin chimeric protein. A segment of the DNA label is 
ampli?ed by polymerase chain reaction and the products are 
detected by agarose gel electrophoresis. 

[0013] In WO 9315229, Applicants disclose a method for 
the detection of an analyte through the formation of a 
complex comprising an analyte bound to a reporter having 
a nucleic acid label attached. Detection of the analyte is 
effected through ampli?cation of the nucleic acid label. 

[0014] It is the objective of the art to increase the sensi 
tivity of analyte detection through the use of various novel 
signal generating reporter conjugates and ampli?cation 
strategies. HoWever, non-speci?c binding-signal due to non 
selective binding of reporter conjugates to Walls of the 
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reaction tubes or to solid-phase reagents used in the assays 
even in the absence of analyte, is a serious problem in 
immunoassays. Non-speci?c binding signal thus diminishes 
the ratio of the analyte speci?c binding to analyte non 
speci?c binding. This reduces the sensitivity of the detection 
limit for an analyte. The art has identi?ed many factors that 
contribute to non-speci?c binding such as, protein-protein 
interaction, adsorptive surface of the solid-phase, Vogt et al., 
J. of Immunological Methods, 101, 43 (1987), the assay 
milieu and the efficiency of the Wash solution. 

[0015] To resolve this problem a number of approaches 
have been used in this art by Vogt et al., J. ofImmunological 
Methods, 101, 43 (1987), Graves, J. of Immunological 
Methods, 111, 167, (1988), Wedege et al., J. of Immuno 
logical Methods, 88, 233, (1986), Bodmer et al., J. of 
Immunoassay, 11, 139, (1990), Pruslin et al., J. ofImmuno 
logicalMethods, 137, 27, (1991), Balde et al.,J. ofBiochem. 
and Biophys. Methods, 12, 271, (1986), Hauri et al., Ana 
lytical Biochemistry, 159, 386 (1986), Rodda et al., Immu 
nological Investigations, 23, 421, (1994), Tovey et al., 
Electrophoresis, 10, 243, (1989), Kenney et al., Israel J our 
nal Of Medical Sciences, 23, 732, (1987), Hashida et al., 
Analytical Letters, 18, 1143, (1985), Ruan et al., Ann Clin 
Biochem, 23, 54, (1985). To saturate the adsorptive surface, 
these investigators have used blocking agents such as, 
proteins bovine serum albumin (BSA), gelatin, casein, non 
fat dry milk, polymers (poly vinyl alcohol) detergents 
(TWeen 20), modi?ed antibodies (Fab‘ and F(ab‘)2), and 
combinations of blocking agents (BSA, TWeen 20) and 
pentane sulfonate. These proteins have been chosen largely 
by convenience and empirical testing in ELISA systems, 
Vogt et al., J. ofImmunological Methods, 101, 43 (1987). 
[0016] Despite the numerous attempts in this art to use 
these approaches either individually or in combination, 
non-speci?c binding has not been eliminated. Therefore, 
increased assay detection sensitivity has been limited. Thus, 
there is a continuing, unmet need for a means to reduce assay 
background response and to improve the signal to noise ratio 
of binding assays. The Applicant’s invention is the ?rst to 
apply assay principle that essentially distinguishes betWeen 
analyte-speci?c binding reagent recognition and non-spe 
ci?c reagent binding. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides a method for the 
detection of a speci?c analyte. In its most basic form the 
method involves the formation of analyte dependent reporter 
complex that comprises an analyte and (ii) at least tWo 
reporter conjugates bound to the analyte. Each reporter 
conjugate further comprises a member of a binding pair 
(such as an antibody) and a nucleic acid fragment or label 
Which is joined to the member of the binding pair. The 
binding of the both of the reporter conjugates to the analyte 
operates to bring the nucleic acid labels in close proximity 
to each other Where they may be ampli?ed by means Well 
knoWn in the art. The generation of ampli?cation products is 
an indication the presence of the analyte. The effect of the 
instant method is to provide a means of improving the ratio 
of the analyte-speci?c signal to analyte non-speci?c back 
ground signal, thus enhancing the ability to detect analytes 
at very loW concentrations. 

[0018] The invention may be carried out in a variety of 
formats including a heterogeneous format, a homogeneous 
format and a multianalyte binding assay format. 
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[0019] The heterogeneous assay format comprises the 
steps of: a) forming an analyte dependent reporter-complex 
by equilibrating an analyte to be detected, either simulta 
neously or in sequence, With a solid-phase analyte capture 
reagent and at least tWo reporter conjugates labeled With 
different nucleic acids; b) forming an analyte speci?c ampli 
con (ASA) by selectively joining the nucleic acid-labels of 
the reporter conjugates bound to the analyte and replicating 
the ASA); c) forming a nucleic acid product by ampli?cation 
of the analyte-speci?c amplicon; d) and detecting the ampli 
?ed nucleic acid products by sequence and/or siZe. 

[0020] The homogeneous assay format Will comprise the 
steps of: a) forming an analyte dependent reporter-complex 
by equilibrating an analyte to be detected, either simulta 
neously or in sequence, With at least tWo reporter conjugates 
labeled With different nucleic acids; b) forming an analyte 
speci?c amplicon by selectively joining the nucleic acid 
labels of the reporter conjugates bound to the analyte and 
replicating the ASA; c) forming a nucleic acid product by 
ampli?cation of the analyte speci?c amplicon; d) and detect 
ing the ampli?ed nucleic acid products by sequence or/and 
size. 

[0021] Finally the multianalyte assay format Will comprise 
the steps of: a) forming simultaneously multiple analyte 
dependent reporter-complexes by equilibrating analytes to 
be detected, either simultaneously or in sequence, With 
solid-phase analyte capture reagent(s) and one set of reporter 
conjugates for each analyte to be detected; b) forming 
analyte-speci?c amplicons by selectively joining the nucleic 
acid-labels of the reporter conjugates selectively bound to 
each analyte and replicating the ASA; c) forming nucleic 
acid products by selective ampli?cation of the analyte 
speci?c amplicons; d) and detecting the ampli?ed nucleic 
acid products by sequence and/or siZe. 

[0022] In conjunction With the above recited formats the 
present method may effect the ampli?cation of the analyte 
speci?c amplicons in several Ways. For example, the ampli 
con may be formed by the overlap of the nucleic acid labels, 
or they my be joined enZymatically by means of ligation. 
Finally, the amplicon may be formed by either method and 
detected directly, With out ampli?cation by means of signal 
generating substance. 

[0023] Thus in one embodiment incorporating ASA for 
mation by nucleic acid overlap, the present invention pro 
vides a method for the detection of an analyte comprising: 
(i) contacting an analyte having at least tWo reporter con 
jugate binding sites With at least tWo reporter conjugates, 
said reporter conjugates each comprising: a) one member of 
a binding pair having speci?city for at least one reporter 
conjugate binding site on said analyte; b) a nucleic acid 
label; Wherein said analyte binds to said reporter conjugate 
forming an analyte dependent reporter complex and Wherein 
said nucleic acid labels on said reporter conjugates are 
joined by an overlap at each 3‘ end, forming an analyte 
speci?c amplicon; (ii) contacting said analyte speci?c ampli 
con With a replication composition Wherein said amplicon is 
ampli?ed forming ampli?cation products; and (iii) detecting 
said ampli?cation products. Additionally the invention pro 
vides that the analyte may be optionally immobilZed prior to 
complexing With the reporter conjugate(s). 

[0024] Similarly in an alternate embodiment incorporating 
amplicon formation by nucleic acid ligation, the present 
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invention provides a method for the detection of an analyte 
comprising: contacting an analyte having at least tWo 
reporter conjugate binding sites With at least one reporter 
conjugate pair, said reporter conjugate pair comprising a ?rst 
reporter conjugate and a second reporter conjugate, each of 
said ?rst and second reported conjugates further comprising: 
a) one member of a binding pair having an af?nity for at least 
one reporter conjugate biding site on said analyte; b) a 
nucleic acid label Wherein said analyte binds to said reporter 
conjugate forming an analyte dependent reporter complex 
and Wherein said nucleic acid label of said ?rst reporter 
conjugate comprises a 3‘ hydroxyl group and Wherein said 
nucleic acid label of said second reporter conjugate com 
prises a 5‘ phosphoryl group and Wherein said ?rst and 
second nucleic acid labels are enZymatically joined to form 
an analyte speci?c amplicon; (ii) contacting said analyte 
speci?c amplicon With a replication composition Wherein 
said amplicon is ampli?ed forming ampli?cation products; 
and (iii) detecting said ampli?cation products. This embodi 
ment also provides that the analyte may be optionally 
immobilZed prior to complexing With the reporter conju 
gate(s). 

[0025] In another embodiment the amplicon may be 
detected directly by a method for the detection of an analyte 
comprising: contacting an analyte having at least tWo 
reporter conjugate binding sites With at least tWo reporter 
conjugates, said reporter conjugates each comprising: a) one 
member of a binding pair having speci?city for at least one 
reporter conjugate binding site on said analyte; b) a nucleic 
acid label; Wherein said analyte binds to said reporter 
conjugate forming an analyte dependent reporter complex 
and Wherein said nucleic acid labels on said reporter con 
jugates are joined, forming an analyte speci?c amplicon; (ii) 
contacting said analyte speci?c amplicon With a replication 
composition comprising a nucleic acid reporting agent, 
Wherein said amplicon is extended and said nucleic acid 
reporting agent is incorporated into said amplicon; and (iii) 
detecting said amplicon. 

[0026] A number of aspects of the present invention are 
unique as compared to the art. First, tWo nucleic acid 
sequences are used as reporter labels. For detection of the 
analyte, these must be joined together. In this Way, joining 
forms an analyte-speci?c amplicon Whose sequence is 
unique from that of reporter conjugate labels. The ASA thus 
functions as a surrogate for the analyte to be detected. 
Second, three binding-pair reagents are used in contrast to 
tWo used by other assays. One binding-pair reagent is for 
capturing the analyte and tWo are used for reporter conju 
gates. Third, the ampli?cation by PCR is used to detect the 
product of tWo joined nucleic acid-label in contrast to the 
ampli?cation product of a single reporter label. Fourth, the 
random distribution of the non-speci?cally bound antibodies 
makes them less likely to be in close proximity to an analyte 
binding site to interfere With interaction and joining of 
nucleic acid-labels. Fifth, background is minimiZed, or is 
potentially eliminated, improving sensitivity. 

[0027] The speci?c binding enables the DNA labels to be 
in close proximity to each other for coupling of the nucleic 
acid-labels. The labels can be DNA, RNA, or DNA-RNA 
hybrid. The PCR ampli?cation product can be detected by 
various methods knoWn in the art, such as, gel electrophore 

May 2, 2002 

sis, hybridiZation of sequence-speci?c probes or detected 
indirectly through incorporation of ?uorophores, ligands or 
haptens. 

BRIEF DESCRIPTION OF THE FIGURES AND 
SEQUENCE LISTINGS 

[0028] FIG. 1 is a diagram Which illustrates the overlap 
approach for joining the nucleic acid-labels of the analyte 
bound reporter conjugates to form the analyte-speci?c 
amplicon (ASA) in a heterogeneous format. 

[0029] FIG. 2 is a diagram Which illustrates the ligation 
approach for joining the nucleic acid-labels of the analyte 
bound reporter conjugates to form the analyte-speci?c 
amplicon (ASA) in a heterogeneous format. 

[0030] FIG. 3 is a diagram Which illustrates the formation 
of the ASA by DNA labels in the overlap approach. 

[0031] FIG. 4 is a diagram Which illustrates the formation 
of the ASA by DNA labels in the ligation approach. 

[0032] FIG. 5 is a diagram Which illustrates the ligation 
mediated DNA-label extension and PCR ampli?cation. 

[0033] FIG. 6 is an image of a gel produced by agarose gel 
electrophoresis shoWing ampli?ed ASA product produced 
by the overlap approach over decreasing concentrations of 
analyte. 

[0034] FIG. 7 is an image of a gel produced by agarose gel 
electrophoresis shoWing ampli?ed ASA product of 127 
bases produced by the overlap approach, Where the product 
is produced only in the presence of both labels. 

[0035] FIG. 8 is an image of a 2% agarose electrophoresis 
gel shoWing the production of ASA ampli?cation products 
over decreasing concentrations of streptavidin capture 
reagent and DNA label. 

[0036] FIG. 9 is an image of a agarose electrophoresis gel 
shoWing the production of a 146 bp ampli?cation product, 
produced by ampli?cation of the ASA, formed by the 
ligation approach. 

[0037] FIG. 10 is an image of a agarose electrophoresis 
gel shoWing the titration of the production of a 146 bp 
ampli?cation product, produced by ampli?cation of the 
ASA, formed by the ligation approach, over a decreasing 
concentration of DNA labels. 

[0038] The folloWing sequence descriptions and 
sequences listings attached hereto comply With the rules 
governing nucleotide and/or amino acid sequence disclo 
sures in patent applications as set forth in 37 C.F.R. §1.821 
1.825. The Sequence Descriptions contain the one letter 
code for nucleotide sequence characters and the three letter 
codes for amino acids as de?ned in conformity With the 
IUPAC-IYUB standards described in Nucleic Acids 
Research 13:3021-3030 (1985) and in the Biochemical 
Journal 219 (No. 2):345-373 (1984) Which are herein incor 
porated by reference. 

[0039] SEQ ID NOs: 1-3 correspond to primers used 
in the examples. 

[0040] SEQ ID NO:4 is a T78 DNA label used in the 
ligation format. 
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[0041] SEQ ID NO:5 is a 5‘ biotinylated T78 DNA 
label used in the ligation format. 

[0042] SEQ ID NO:6 is a T68 DNA label used in the 
ligation format. 

[0043] SEQ ID NO:7 is a 3‘ biotinylated T68 DNA 
label used in the ligation format. 

[0044] SEQ ID NO:8 is a T68 DNA label used in the 
overlap format. 

[0045] SEQ ID NO:9 is a 5 biotinylated T68 DNA 
label used in the overlap format 

[0046] SEQ ID NO:10 is a T66 DNA label used in the 
overlap format. 

[0047] SEQ ID NO:11 is a 5‘ biotinylated T66 DNA 
label used in the overlap format. 

[0048] SEQ ID NOs:12 and 13 are 3‘ terminated 
ligation linkers used in the ligation format. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] The present invention recites a sensitive method for 
detecting an analyte by forming an analyte-dependent 
reporter-complex, joining the reporter labels and amplifying 
the detectable response of the complex. Nucleic acid-labels 
are used to report analyte speci?c binding. Ampli?cation is 
achieved using replication of the joined nucleic acid-labels. 

[0050] The present method may be used in a Wide variety 
of applications including the detection of clinical, industrial, 
agricultural and environmentally important analytes. The 
invention may be used in both manual, as Well as, automated 
modes. Analytes may be molecules, nucleic acid segments, 
cells, microorganisms and fragments and products thereof, 
or any substance for Which attachment sites, binding mem 
bers or receptors (such as antibodies) can be developed. Of 
particular interest are pathogens, viruses and bacteria. The 
sample material Will most likely be of medical, veterinary, 
environmental, nutritional or industrial signi?cance includ 
ing body ?uids, such as urine, blood, serum, plasma, milk, 
sputum, fecal matter, lung aspirates, exudates; microbial 
culture ?uids; aerosols; crop materials; soils and ground 
Waters. 

[0051] In the context of this disclosure, a number of terms 
shall be utiliZed for the interpretation of the claims and the 
speci?cation. 
[0052] The term “analyte” refers to a substance to be 
detected or assayed by the method of the present invention. 
Typical analytes may include, but are not limited to proteins, 
peptides, nucleic acid segments, molecules, cells, microor 
ganisms and fragments and products thereof, or any sub 
stance for Which attachment sites, binding members or 
receptors (such as antibodies) can be developed. 

[0053] The term “binding-pair” includes any of the class 
of immune-type binding-pairs, such as, antigen/antibody or 
hapten/anti-hapten systems; and also any of the class of 
nonimmune-type binding-pairs, such as biotin/avidin, 
biotin/streptavidin, folic acid/folate binding protein or vita 
min B12/intrinsic factor. They also include complementary 
nucleic acid segments (including DNA sequences and pep 
tide nucleic acid sequences), as Well as protein A or G 
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immunoglobulins. Binding pairs may also include members 
that form covalent bonds, such as, sulfhydryl reactive groups 
including maleimides and haloacetyl derivatives, and amine 
reactive groups such as isotriocyanates, succinimidyl esters 
and sulfonyl halides. 

[0054] The terms “immunoreactive antibody fragment” or 
“immunoreactive fragment” refer to fragments Which con 
tain the binding region of the antibody (Fab or F(ab‘)2). 

[0055] The term “label” refers to any atom or molecule 
that can be attached to a nucleic acid, protein or a member 
of a binding-pair. A label may be coupled to binding-pair or 
nucleic acid through a chemically reactive group. A label 
may be attached to an oligonucleotide during chemical 
synthesis or incorporated on a labeled nucleotide during 
nucleic acid replication. Labels speci?cally designed to 
report the presence of nucleic acids Will be referred to herein 
as “nucleic acid reporting labels” and Will include but are not 
limited to ?uorescent moieties, chemiluminescent moieties, 
particles, enZymes, radioactive tags, light emitting moieties 
or molecules and intercalating dyes including propidium 
iodide (PI) and ethidium bromide (EB) and the cyanine dyes 
[see for example, US. Pat. No. 5,563,037]. 

[0056] The term “reporter” refers to any atom or molecule 
that is be used as a “label” to provide a detectable (prefer 
ably quanti?able) signal, and Which can be attached to a 
nucleic acid, protein or a member of a binding-pair. Report 
ers may provide signals detectable by ?uorescence, lumi 
nescence, radioactivity, calorimetric, X-ray diffraction or 
absorption, magnetism, enZymatic activity, and the like. 

[0057] The term “nucleic acid-label” refers to a nucleic 
acid that is used as a “label” to act as a “reporter” and is 
linked to a member of a binding pair forming a “reporter 
conjugate”. The “nucleic acid-label” may be single-stranded 
or double-stranded. 

[0058] The term “reporter conjugate” refers to a conjugate 
comprising a “nucleic acid-label” coupled to one member of 
a binding-pair such as an antibody, lectin, receptor or 
binding protein or other moiety Which can bind to an 
analyte. 
[0059] The term “reporter conjugate binding site” refers to 
a speci?c site on the analyte to Which the reporter conjugate 
Will bind. Where, for example, the reporter conjugate com 
prises an antibody, the reporter conjugate binding site is the 
antibody epitope on the analyte to be detected. 

[0060] The term “analyte-speci?c reporter response” 
refers to a signal that results from the speci?c interaction 
betWeen reporter conjugates and their analytes. 

[0061] The term “oligonucleotide” refers polydeoxyribo 
nucleotides (containing 2-deoxy-D-ribose), to polyribo 
nucleotides (containing D-ribose) and to any polynucleotide 
Which is an N-glycoside of a purine or pyrimidine base, or 
modi?ed purine or pyrimidine base. There is no intended 
distinction betWeen the length of a “nucleic acid”, “poly 
nucleotide” or an “oligonucleotide”. 

[0062] The term “primer” is used generally to mean any 
sequence-binding oligonucleotide Which functions to initiate 
the nucleic acid “replication” process or “ampli?cation” 
process. 

[0063] The term “replication” refers to the process in 
Which a complementary strand of a nucleic acid strand of the 
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nucleic acid molecule is synthesized by a polymerase 
enzyme. In a “primer-directed” replication, this process 
requires a hydroxyl group (OH) at 3‘ position of (deoxy)ri 
bose moiety of the terminal nucleotide of a duplexed 
“primer” to initiate replication. 

[0064] The term “ampli?cation” refers to the process in 
Which “replication” is repeated in cyclic process such that 
the number of copies of the nucleic acid sequence is 
increased in either a linear or logarithmic fashion. Such 
replication processes may include but are not limited to, for 
example, Polymerase Chain Reaction (PCR), Ligase Chain 
Reaction (LCR) Strand Displacement Ampli?cation (SDA) 
or other such enZymatic reactions. 

[0065] The term “complementary strand” refers to a 
nucleic acid sequence strand Which, When aligned With the 
nucleic acid sequence of the one strand of the target nucleic 
acid such that the 5‘ end of the sequence is paired With the 
3‘ end of the other sequence, is in antiparallel association, 
forming a stable duplex. Complementarity need not be 
perfect. Stable duplexes may be formed With mismatched 
nucleotides. 

[0066] The term “enZyme composition” refers to a com 
position comprising the enZymes necessary to join the DNA 
labels that make up the reporter conjugate. Where the 
overlap format is employed, the enZyme composition Will 
contain, at a minimum, a DNA polymerase, along With such 
other buffers and reagents that Will facilitate the ASA 
formation. Where the ligation format is employed the 
enZyme composition Will contain at a minimum a suitable 
ligase enZyme similarly along With such other buffers and 
reagents that Will facilitate the ASA formation. 

[0067] The term “nucleic acid replication composition” or 
“replication composition” refers to a composition compris 
ing the ingredients necessary for performing nucleic acid 
replication. Applicants contemplate that replication may be 
accomplished by any of several schemes knoWn in this art, 
including but not limited to the polymerase chain reaction 
(PCR); or the ligase chain reaction (LCR). If PCR method 
ology is selected, the replication composition Would include 
for example, nucleotide triphosphates, tWo primers With 
appropriate sequences, DNA or RNA polymerase and pro 
teins. These reagents and details describing procedures for 
their use in amplifying nucleic acids are provided in US. 
Pat. No. 4,683,202 (1987, Mullis et al.) and US. Pat. No. 
4,683,195 (1986, Mullis et al.), Which are hereby incorpo 
rated by reference. If LCR methodology is selected, then the 
nucleic acid replication compositions Would comprise, for 
example, a thermostable ligase, e.g., T aquaticus ligase, tWo 
sets of adjacent oligonucleotides Wherein one member of 
each set is complementary to each of the target strands, Tris 
HCl buffer, KCl, EDTA, NAD, dithiothreitol and salmon 
sperm DNA. See, for example, Tabor, S. and Richardson, C. 
C. (1985) Proc. Acad. Sci. USA 82, 1074-1078). 

[0068] The term “replication inhibitor moiety” refers to 
any atom, molecule or chemical group that is attached to the 
3‘ terminal hydroxyl group of an oligonucleotide that Will 
block the initiation of chain extension (replication of a 
strand). Examples include but are not limited to, dideoxy 
nucleotides, 3-deoxy-nucleotides (e.g., cordycepin), phos 
phate, ligands (e.g., biotin, dinitrophenol), reporters mol 
ecules (e.g., ?uorescein, rhodamine), carbon chains (e.g., 
propanol) or a mismatch nucleotide or polynucleotide. 
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[0069] The term “non-participatory” Will refer to the lack 
of participation of a probe or primer in a reaction for the 
ampli?cation of a nucleic acid molecule. Speci?cally a 
non-participatory oligonucleotide is probe, primer or linker 
Which has its 3‘ hydroxyl group blocked With “replication 
inhibitor moiety” and Will not serve as a substrate for, or be 
extended by, a DNA or RNA polymerase. 

[0070] The term “capture reagent” refers to any reagent 
immobiliZed on a appropriate support that is capable of 
reacting With or binding the test analyte(s). “Capture 
reagents” are typically members of immunoreactive or affin 
ity reactive members of binding-pairs. Where the analyte is 
immobiliZed through the action of a capture reagent the 
resulting complex is referred to as an “analyte-capture 
complex”. 

[0071] The term “analyte-dependent reporter-complex” 
(ADRC) refers to the complex formed by the speci?c 
binding of at least tWo reporter conjugates to the assay 
analyte in such aWay that the nucleic acid-labels can be 
joined to form the “analyte-speci?c amplicon”. 

[0072] The term “analyte-speci?c amplicon” (ASA) refers 
to the nucleic acid product formed by the joining the tWo 
assay nucleic acid-labels by either the label-overlap primer 
approach or the label-ligation approach due to the formation 
of the analyte-dependent reporter-complex. 

[0073] The term “nucleic acid ampli?cation product” or 
“ampli?cation product” refers to the “analyte-speci?c 
reporter response” in the context of the present invention, 
and is the nucleic acid produced by ampli?cation of either 
the entirety or a portion of the analyte-speci?c amplicon. 

[0074] The term “speci?c binding” or “speci?c-analyte 
binding” refers to affinity of a binding-pair reagent(s) lim 
ited to an analyte. 

[0075] The term “non-analyte bound reporter” refers to a 
reporter conjugate that is not bound to an analyte(s) and is 
capable of generating an assay signal. This is represented in 
tWo forms: (a) in a heterogeneous assay, “non-speci?c 
reporter binding”; and (b) in a homogenous assay, “non 
speci?c reporter joining”. 

[0076] In a heterogeneous assay, the term “non-speci?c 
binding” or “non-speci?c reporter binding” refers non 
speci?c af?nity of reporter conjugates to the solid-phases of 
an assay in the absence of analyte. In the context of the 
present invention, the non-speci?c af?nity of the reporter 
conjugates that results in a signal, Which is produced When 
the tWo “nucleic acid-labels” of the present invention are 
joined, While using the methods of the present invention in 
the absence of analyte to form the “analyte-speci?c ampli 
con”. 

[0077] In a homogeneous assay, the term “non-speci?c 
joining” or “non-speci?c reporter joining” refers non-spe 
ci?c joining together of the tWo “nucleic acid-labels” of the 
present invention using the methods of the present invention 
in the absence of analyte to form the “analyte-speci?c 
amplicon”. The term “overlap” refers to the annealing of the 
3“ ends of the tWo proximal positioned DNA labels bound 
to antibodies to form an overlapped duplex. Once formed, 
both 3‘ OH ends of the overlapped duplex serve as primers 
for a nucleic acid polymerase extension reaction. 
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[0078] The term “overlap format” refers to the assay 
process that results in the ampli?cation of the “analyte 
speci?c amplicon” formed from the annealing and extension 
of the 3‘ ends of the tWo proximal positioned DNA labels 
making up the reporter conjugate. The strict conditions for 
the formation of the overlap are referred to as assay “strin 
gency”. 

[0079] The term “stringency” refers to the strict control of 
the parameters the affect the stability or the formation of a 
nucleic acid duplex. This can be temperature(Tm), cation 
concentrations ([Na’'], [K’'], [Mg2+]), the composition and 
number of nucleotides in the duplex or the concentration of 
a duplex destabiliZing agents (formamide). 

[0080] The term “ligase” refers to an enZyme that cata 
lyZes the formation of a phosphodiester bond betWeen 
adjacent 3‘ hydroxyl and 5‘ phosphoryl termini of oligo 
nucleotides that are hydrogen bonded to a complementary 
strand and the reaction is termed “ligation”. 

[0081] The term “ligation” refers to joining of 3‘ and 5‘ 
ends of tWo proximal positioned antibody bound DNA labels 
by the enZyme ligase in the presence of a “ligation linker”. 

[0082] The term “ligation linker” is an oligonucleotide 
that has the complementary strand hydrogen bonded to tWo 
oligonucleotides such that it is holding the 3‘ hydroxyl group 
of one oligonucleotide in adjacent position to the 5‘ phos 
phorylated terminus of the a second oligonucleotide so that 
a ligase can catalyZe the formation of a phosphodiester bond 
betWeen the tWo oligonucleotides. The “ligation linker” may 
be made “non-participatory” Where it may be present in an 
ampli?cation reaction. 

[0083] The term “ligation format” refers to the assay 
process that results in the ampli?cation of the “analyte 
speci?c amplicon” formed by the of the joined 3‘ and 5‘ ends 
of tWo proximal positioned antibodies bound DNA labels by 
the enZyme ligase in the presence of a “ligation linker”. 

[0084] Standard recombinant DNA and molecular cloning 
techniques used here are Well knoWn in the art and are 
described by Sambrook, J., Fritsch, E. F. and Maniatis, T., 
Molecular Cloning: A Laboratory Manual, Second Edition, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY. (1989) (hereinafter “Maniatis”); and by Silhavy, T. J ., 
Bennan, M. L. and Enquist, L. W., Experiments with Gene 
Fusions, Cold Spring Harbor Laboratory Cold Press Spring 
Harbor, NY. (1984); and by Ausubel, F. M. et al., Current 
Protocols in Molecular Biology, published by Greene Pub 
lishing Assoc. and Wiley-Interscience (1987). 

[0085] The present invention proceeds in four stages. First 
there is binding of the analyte and the reporter conjugate and 
the formation of the analyte-dependent reporter complex. 
Optionally, the analyte may be immobiliZed on a solid 
support through the action of a capture reagent. Second is 
the formation of an analyte-speci?c amplicon (ASA). Next 
the ASA is ampli?ed generating ampli?cation products, and 
?nally the ampli?cation products are detected. 

[0086] In one embodiment, the capture reagent, Which 
could be antibody or other members of a binding pair, is 
bound to the solid-phase such as microtiter plate or poly 
styrene beads, either passively or covalently. Addition of 
analyte Will enable the formation of the analyte-capture 
reagent complex. Next, tWo other antibody-DNA reporter 
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conjugates are added, enabling the formation of the analyte 
dependent reporter-complex. This second complex is essen 
tial bringing the nucleic acid-labels in close proximity to 
alloW for their coupling, Which results in the formation of 
assay analyte-speci?c amplicon (ASA). The coupling pro 
cedure used Will depend on Which format is selected in the 
design of the labels, the overlap format or the ligation 
format. Each format has its oWn set of unique reporter DNA 
labels. Once formed, the ASA is ampli?ed and the ampli?ed 
product is detected. 

[0087] Detection Principle 
[0088] The present invention relates to a novel means of 
generating a signal for a binding assay that enables the 
skilled person to distinguishing betWeen an analyte-speci?c 
reporter response and a non-speci?c reporter response. This 
approach can be used to reduce the background of binding 
assays and to improve the ratio of the analyte speci?c signal 
to analyte non-speci?c signal. This greatly enhances the 
ability of the assay to detect analytes at loW concentrations. 

[0089] FIG. 1 more clearly illustrates the basic method, 
depicting a heterogeneous assay format and the formation of 
the ASA by nucleic acid label overlap. The invention makes 
use of nucleic acid-labeled reporter conjugates (A and Al) 
Which selectively bind to the analyte The analyte is 
comprised of at least tWo binding sites and possibly more, 
shoWn here as C1-C3. The analyte may be immobiliZed on 
a solid support (S) through the interaction of the analyte and 
a capture reagent (CR), typically an antibody. During the 
assay, the reporter conjugates (A and A1) bind to these 
binding sites forming ananlyte-dependent-reorter-complex 

As a consequence, the nucleic acid-labels (D1 and D2) 
of the bound reporter conjugates are positioned and main 
tained in close molecular proximity. The spatial proximity 
being close enough to enable the labels to be joined. For 
example, the binding of tWo or more reporter conjugates to 
the same analyte provides the necessary spatial alignment to 
enable the nucleic acid-labels to be joined enZymatically to 
form an analyte-speci?c amplicon In the formation of 
the analyte-speci?c amplicon, the labels are joined as a 
single nucleic acid molecule. The analyte-speci?c amplicon 
is comprised of sequence elements from both nucleic acid 
labels. The analyte-speci?c amplicon thus functions as a 
molecular surrogate for the analyte. Once joined, the ana 
lyte-speci?c amplicon can then be ampli?ed using appro 
priate primers and polymerase enZyme. 
[0090] In contrast, When the reporter conjugates (A and 
A1) are not bound to the analyte, the reporter conjugates 
remain free in solution or are non-speci?cally bound to the 
surfaces of the solid-phase of the assay. In these instances, 
the reporter molecules are randomly distributed throughout 
the reaction solution volume or over the solid-phase area. In 
either case, the reporter labels are not appropriately aligned 
or are positioned at distances too great to enable their 
joining. Consequently, an analyte speci?c amplicon is not 
formed. Thus non-analyte bound reporter fraction is either 
not detected or detected at greatly diminished efficiency. 

[0091] Similarly, the ASA may be formed by nucleic acid 
ligation as illustrated in FIG. 2. The ligation method of ASA 
formation proceeds essentially as With the overlap method, 
except that the nucleic acid labels are joined by a ligase prior 
to ampli?cation. 

[0092] Both the ligation and overlap methods may be 
conducted in either a heterogeneous format Where the ana 
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lyte is immobilized, of in a homogeneous format Where the 
analyte is free in solution. It should be noted that, the present 
method, either in overlap of ligation format has an important 
advantage over the art in that the nucleic acid-labels can be 
designed to produce ampli?cation products that can be 
differentiated on the basis of siZe of sequence. 

[0093] For eXample, the labels can be designed to facili 
tate replication and ampli?cation of the analyte speci?c 
amplicons but not ampli?cation of the individual nucleic 
acid-labels. This is accomplished by designing primers to 
anneal to and amplify the analyte-speci?c amplicon, not to 
amplify the labels themselves. By this means qualitatively 
different products are produced in response to the presence 
or absence of the analyte. Further, the amount of ampli? 
cation product is directly proportional to the quantity of 
analyte present. The assay principle thus provides means for 
both qualitative and quantitative analyte detection. 

[0094] The basic elements and procedures of the Appli 
cant’s invention, such as forming an analyte-dependent 
reporter-complex, joining the reporter labels and amplifying 
the analyte-speci?c amplicon, can be modi?ed and accom 
plished in different Ways. These modi?cations provide for 
both neW analytical capabilities and increased ease of use. 

[0095] Assay Con?gurations 

[0096] Detection of the analyte may be acomplished in 
either a heterogeneous or homogeneous assay format. Addi 
tionally, a multiplicity of analytes may be detected in the 
same assay sytem using a multianalyte binding assay. 

[0097] Heterogeneous Assay Format 

[0098] In the heterogeneous assay format, the analyte 
dependent reporter-complex (ADRC) is comprised of an 
analyte to be detected, a solid-phase capture reagent, and at 
least tWo reporter conjugates. The ADRC is formed in a 
process in Which the analyte, to be detected, is bound to a 
solid support and the reporter conjugates are bound to the 
same analyte molecule via separate binding sites on the 
captured analyte. An immobiliZed capture reagent on the 
solid-phase support can be used to augment the selectivity 
and af?nity of capturing the analyte. The ADRC formation 
can be accomplished in a single step in Which the solid 
phase reagent, analyte, and reporter conjugates are simulta 
neously equilibrated together and then Washed free of 
eXcess, unbound, reporter conjugate. Alternatively, the 
ADRC complex can be formed in a series of steps in Which 
the analyte and reporter conjugates are sequentially equili 
brated With the solid support. FolloWing reagent equilibra 
tions, Wash steps can be used to remove eXcess reporter 
conjugates. 

[0099] Once formed, the analyte-dependent reporter-com 
pleX is detected by ?rst forming an analyte-speci?c ampli 
con. This is accomplished by joining the nucleic acid-labels 
of the analyte-dependent reporter-complex. This joining 
process is accomplished enZymatically using ligase or 
nucleic acid polymerase enZymes. During this process, only 
those labels Which meet the required criteria for both type 
and spatial alignment are joined. In this Way, labels bound to 
analyte form the ASA, Whereas, labels non-attached to the 
analyte do not form the ASA. 

[0100] FolloWing formation of the analyte speci?c ampli 
con, the amplicon can be detected directly or replicated 
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enZymatically to produce a detectable nucleic acid product. 
During ampli?cation, the amount of the nucleic acid product 
can be greatly increased. In this Way, the sensitivity of 
detection is enhanced. 

[0101] During the assay, both the type of analyte-speci?c 
amplicon formed and the amount of the nucleic acid ampli 
?cation product produced are characteristic of the analyte 
and proportional to the amount of analyte present. In this 
Way, analytes can be speci?cally detected and quanti?ed. 

[0102] Homogeneous Assay Format 

[0103] In the homogeneous assay format, the analyte 
dependent reporter-complex comprises the analyte to be 
detected, and at least tWo reporter conjugates. The ADRC is 
formed in a process in Which the analyte is equilibrated With 
the reporter conjugates. During this process, the analyte 
dependent reporter-complex is assembled through binding 
each reporter conjugate to separate sites on analyte. Typi 
cally, this is accomplished in a single step in Which the 
analyte and reporter conjugates are simultaneously equili 
brated together and the reaction carried out homogeneously, 
in solution, Without the need for a solid-phase capture 
reagent. 

[0104] Once formed, the analyte-dependent reporter-com 
pleX is detected by ?rst forming an analyte-speci?c ampli 
con. This is accomplished by joining the nucleic acid 
reporter labels of the analyte-dependent reporter-complex 
using either of the label joining formats as described for the 
heterogeneous assay format. During this process, only those 
labels Which meet the required criteria for both type and 
spatial alignment are joined. The labels of the reporter 
conjugates remaining free in solution and unattached to the 
analyte are not joined. In this Way, labels bound to analyte 
form ASA, Whereas labels unattached to analyte do not form 
the ASA. FolloWing its formation the analyte-speci?c ampli 
con can be detected directly or ampli?ed enZymatically to 
produced a detectable nucleic acid product. 

[0105] Within the homogeneous assay, both the type of 
analyte-speci?c amplicon formed and the amount of the 
nucleic acid ampli?cation product produced are character 
istic of the analyte and proportional to the amount of analyte 
present. In this Way, analytes can speci?cally detected and 
quanti?ed. 
[0106] Multianalyte Assay Format 

[0107] In another preferred embodiment, multiple ana 
lytes can be detected simultaneously in the same assay 
milieu. This is accomplished by using multiple sets of 
reporter conjugates, each speci?c for a separate analyte. By 
slight modi?cations, multianalyte detection can be accom 
plished in both a heterogeneous and homogeneous assay 
formats. For eXample, a solid-phase containing multiple 
speci?c capture reagents could be used in conjugation With 
multiple sets of reporter conjugates, label-joining and ana 
lyte-speci?c amplicon ampli?cation reagents to accomplish 
a multianalyte assay. Alternatively, multiple solid-phase 
reagents, each speci?c for a separate analyte, could also be 
employed. 

[0108] Analytes 
[0109] The invention may be used to detect a Wide variety 
of analytes. It is a requirement, hoWever, that the analytes 
contain at least tWo reporter conjugate binding sites. In this 
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Way, at least tWo reporter molecules can bind to the same 
analyte. The binding sites of the analyte can be the same or 
different. Analytes With distinctly different binding sites 
provide for a greater degree of assay speci?city. 

[0110] Within these requirements, an analyte can be a 
single molecule, molecular complex, an organism or virus 
containing multiple reagent binding sites. Since the length of 
the nucleic acid-labels can be constructed to span varying 
molecular distances, reagent binding sites need not be on the 
same molecule. HoWever, they may be on separate, but 
closely positioned, molecules. For example, the multiple 
binding epitopes of an organism, such as a virus, bacteria or 
cell can be targeted by the Applicants’ detection methods. 

[0111] Formation of the Analyte Speci?c Amplicon 

[0112] The length of the nucleic acid-labels can be con 
structed to span varying molecular distances betWeen ana 
lyte binding sites. Thus, the reporter conjugate binding sites 
need not be on the same molecule but may be located on 
separate, but closely positioned, molecules Within a molecu 
lar complex or Within an organism. For example, microor 
ganisms, such as viruses and bacteria, could be detected by 
utiliZing the repetitive binding epitopes of the organisms and 
employing DNA labels Which span betWeen organism bind 
ing epitopes. 
[0113] A further advantage of the invention is that the 
distance betWeen the analyte binding sites need not be 
precisely knoWn to construct an assay for an analyte. Un 
hybridiZed nucleic acid labels are ?exible. The rotational 
freedom of the reporter conjugates are further enabled by the 
?exibility imparted through both the analyte binding mem 
ber and the molecular spacers Which link the labels to the 
binding members. Thus reporter conjugate nucleic acid 
labels in different locations and in different con?gurations 
are free to interact through molecular motion and can be 
detected through formation of analyte speci?c amplicons. In 
this Way, analyte binding sites in different locations on the 
analyte can be utiliZed. 

[0114] To detect analytes With binding sites at different 
molecular distances, the reporter conjugates can be prepared 
With different length nucleic acid labels. For example, a 
family of reporter conjugates can be prepared each contain 
ing the same analyte binding members but different length 
nucleic acid labels. A Workable label length for the analyte 
can be empirically and readily determined, simply by equili 
brating the analyte, in succession, With this family of 
reporter conjugates, and determining if analyte speci?c 
amplicons are formed. In this fashion a Workable label 
length for the analyte can be empirically and readily deter 
mined. Thus, the distance betWeen the analyte binding sites 
need not be knoWn to construct an assay for an analyte. 

[0115] Reporter conjugates can be prepared With nucleic 
acid labels ranging in length from 25 bases to 1000 bases, 
Where from about 10 to 200 bases is preferred. Considering 
the length of both labels, the molecular spacer units and the 
length of a binding members, (e.g. antibodies), the labels 
could bridge distances betWeen analyte binding sites as 
much as a 1000 angstrom or more. Labels, thus, could be 
designed to bridge the entire length of most viruses or bridge 
sparsely populated binding sites on cells and microorganism 
cell surfaces. In conclusion, the ?exibility to vary the length 
of the nucleic acid labels can enable the Applicants’ inven 
tion to be used for detection of a Wide range of analytes. 
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[0116] Joining EnZymes 

[0117] The joining enZymes used in the assay are dictated 
by the type of nucleic acid-labels used With reporter conju 
gate. The overlap format Will require the use of labels that 
form a 3‘ overlap duplex. This format uses any nucleic acid 
polymerase that is capable extending 3‘ OH termini to 
polymeriZe a complementary strand to join the tWo labels 
and form the ASA. Any polymerase enZyme capable of 
extending the DNA labels is suitable in the present invention 
Where thermostable DNA polymerases are preferred and Taq 
polymerase (available from Perkin Elmer-Cetus) is most 
preferred. 

[0118] The ligation format Will require a ligase enZyme 
that Will catalyZe the formation of a phosphodiester bond 
betWeen 3‘ hydroxyl and 5‘ phosphoryl termini of adjacent 
oligonucleotide-labels, Which are a hydrogen bonded to the 
ligation linker. The ligation reaction joins the tWo labels to 
form the ASA. Any ligase enZyme capable of joining the 
DNA labels is suitable in the present invention. Nucleic acid 
ligase are Well knoWn in the art and suitable ligases may be 
found in Maniatis, supra. 

[0119] Capture Reagent Where the invention employs the 
heterogeneous format it Will be necessary to immobiliZe the 
analyte for detection. ImmobiliZation is effected through a 
capture reagent. The capture reagent of the present invention 
Will comprise any material capable of interacting With both 
the analyte and a solid support. Capture reagents Will 
generally be members of immunoreactive or af?nity reactive 
members of binding-pairs and are generally comprised of, 
for example, a binding protein, lectin, nucleic acid or an 
antibody, attached to an appropriate support. Any knoWn 
antibody could serve as the antibody of the immobiliZed 
capture reagent. In certain instances an analyte may serve as 
the capture reagent by being absorbed directly by nonspe 
ci?c interaction With the support, as in, for example, the 
hydrophobic interactions betWeen proteins and polystyrene. 

[0120] Solid-phase supports to Which capture reagents 
may be af?xed are common and Well knoWn in the art. A 
variety of possible supports are contemplated. For example 
suitable immobiliZation supports include but are not limited 
to synthetic polymer supports, such as polystyrene, polypro 
pylene, polyglycidylmethacrylate, substituted polystyrene 
(e.g., aminated or carboxylated polystyrene; polyacryla 
mides; polyamides; polyvinylchlorides, etc.); glass, agarose, 
nitrocellulose, and nylon. These materials may be used as 
?lms, microtiter plate, Wells, beads, slides, particles, pins, 
pegs, test tubes, membranes or biosensor chips. Alterna 
tively, the supports could comprise magnetic and non 
magnetic particles. Methods for the attachment of binding 
molecules on solid supports are Well knoWn to those skilled 
in the art and revieWed by H. Weetall, Immobilized Enzymes, 
Antigens, Antibodies and Peptides, (1975) Marcell Dekker, 
Inc., NeW York. 

[0121] Binding-pair Reagents 

[0122] Speci?c binding-pair reagents are employed in the 
assay to capture and report the presence of analyte. The 
binding-pair agents Which can be used as a capture reagent 
can be of the immune or non-immune type. Immune-speci?c 
binding-pairs(analyte inclusive) are exempli?ed by antigen/ 
antibody systems or hapten/anti-hapten systems. The cap 
ture antibody member of a binding-pair, Whether it is a 
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polyclonal, a monoclonal or an immunoreactive fragment 
thereof, of the binding-pair, can be produced by customary 
methods familiar to those skilled in the art. Immunoreactive 
antibody fragment or immunoreactive fragment may be 
Fab-type fragments Which are de?ned as fragments devoid 
of the Fc portion, e.g., Fab, Fab‘ and F(ab‘)2 fragments, or 
may be “half-molecule” fragments obtained by reductive 
cleavage of the disul?de bonds connecting the heavy chain 
components of the intact antibody. If the analyte member of 
the speci?c binding-pair is not immunogenic, e.g., a hapten, 
it can be covalently coupled to a carrier protein to render it 
immunogenic. 

[0123] For immune binding members, conventional 
monoclonal and polyclonal antibodies are of use and repre 
sent a preferred immune type binding members. Established 
methods of antibody preparation therefore can be employed 
for preparation of the immune type binding reagents. Suit 
able methods of antibody preparation and puri?cation for the 
immune type binding member are described HarloW, Ed and 
Lane, D in Antibodies A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY. (1988). 

[0124] Non-immune binding-pairs include systems, 
Wherein, the tWo components share a natural af?nity for each 
other, but are not antigen/antibody-like pairs. Exemplary 
non-immune binding-pairs are biotin/avidin or biotin/ 
streptavidin, folic acid-folate binding protein, vitamin B12/ 
intrinsic factor, complementary probe nucleic acids, Proteins 
A, GI immunoglobulins/, etc. Also included are non-im 
mune binding-pairs that form a covalent bond With each 
other. 

[0125] The single antibody (binding-pair) approach can be 
used in a homogeneous or heterogeneous assay format. In a 
homogeneous format, a single antibody (one member of the 
binding-pair) can be used When there are tWo or more 
binding sites for the antibody on the test analyte. The 
antibody can then be used to make tWo different reporter 
conjugates, each With a different nucleic acid-label. 

[0126] In a heterogeneous format, a single antibody (one 
member of the binding-pair) can be used When there are 
three or more binding sites for the antibody on the test 
analyte. One site is needed to capture the analyte, and at least 
tWo other sites are needed to bind the reporter conjugates. 
The antibody again is used to make tWo different reporter 
conjugates, each With a different nucleic acid-label. 

[0127] In a preferred embodiment different antibodies are 
used Which recogniZe different epitopes and thus provide 
greater speci?city to assay. In this embodiment one antibody 
Will serve as capture and the other tWo antibodies as the 
reporter conjugates, each With a different label. 

[0128] It is contemplated that a system employing three 
monoclonal antibodies that are speci?c for three different 
epitopes Will give the most sensitive results and is thus most 
preferred. HoWever, one can use one or tWo monoclonal and 

a polyclonal. Immunoreactive fragments like Fab or F(ab‘)2 
can also be used. HoWever, the antibodies should be either 
af?nity puri?ed or through other speci?c adsorbent columns 
such as protein A. One could also use non-antibody protein 
receptors or non-protein receptors such as polynucleic acid 
aptimers. Polynucleic acid aptimers are typically RNA oli 
gonucleotides Which may act to selectively bind proteins, 
much in the same manner as a receptor or antibody (Conrad 
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et al., Methods Enzymol. (1996), 267(Combinatorial Chem 
istry), 336-367). Theses aptimers Will be suitable in the 
present invention as capture reagents and reporter conju 
gates. 
[0129] Ampli?cation of Analyte Bound DNA Antibody 
Labels 

[0130] Polymerase chain reaction (PCR) is the preferred 
method of ampli?cation. Polymerase chain reaction is enZy 
matic reaction that alloWs for the ampli?cation of analyte 
speci?c amplicon through repetitive replication process. 
During each cycle of denaturation, annealing and chain 
extension, the amplicon sequence is being copied (repli 
cated), i.e., theoretically being doubled. Multiple cycles Will 
result in a logarithmic ampli?cation of the amplicon (e.g., 
one billion fold for 30 cycles). Therefore, high analyte 
sensitivity Will result from the ampli?cation of the ASA that 
is formed due to the analyte-dependent reporter-complex. 
Linear ampli?cation may result from non-speci?c binding of 
the reporter conjugates, Which results in very little or no 
formation of the ASA. 

[0131] PCR of the ASA is typically carried out under 
conditions Well knoWn in the art (see for example Maniatis, 
supra). The folloWing conditions are exemplary. The ampli 
?cation mixture Will contain a 10 mM Tris-Cl With a pH of 
8.3, KCl in a concentration range of 20-60 mM, preferably 
50 mM, MgCl2 at 0.5-3 mM, preferably 1.5 mM, 200 pM 
DATP, 200 pM dCTP, 200 pM dGTP, 200 pM dTTP, tWo 
oligonucleotide primers (50-250 pmol/primer) and 25 units/ 
mL Taq DNA polymerase. PCR is carried out in TemplateTM 
Tamers (Coy Corporation, Grass Lake, Mich.) to prevent 
contamination by the DNA labels or reporter conjugate, 
Which Would generate false signals. PCR mixture is added to 
the Wells of PCR microtiter plate (total volume 50 pL) and 
20 pL of liquid Wax (Chill-OutTM, MJ Research, Inc., 
WatertoWn, Mass.) is layered over the ampli?cation reaction 
mixture. PCR is performed using an automated thermal 
cycler (Perkin-Elmer 9600 Thermal cycler). The folloWing 
temperature pro?le may be used. 

Initial label overlap formation —25° C. for 3 minutes 
and overlap extension: 
Polishing extension: 
PCR ampli?cation; 30 cycles: 

—72° C. for 2 minutes 

Denaturation —940 C. for 10 seconds 
Primer annealing —540 C. for 15 seconds 
Extension —72° C. for 10 seconds. 

[0132] After the PCR ampli?cation, each reaction mixture 
is analyZed for the ASA ampli?ed product by standard 
agarose gel electrophoresis or through other means as dis 
cussed. 

[0133] Detection of Nucleic Acid Products 

[0134] The detection of the ASA ampli?ed product may be 
accomplished by several means including (a) direct detec 
tion of the duplex nucleic acids using intercalating dyes; (b) 
indirect or direct detection of ligands, isotopes or reporters 
incorporated in the nucleic acids; (c) hybridiZation of 
reporter probes to the ampli?ed nucleic acids; or (d) direct 
detection of replicated product folloWing separation of rep 
licated product from reaction milieu based on increased siZe 
of replication product. 
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[0135] Speci?cally, ampli?ed nucleic acids (the ASA 
ampli?ed product) can be detected in the reaction mixture by 
adding intercalating dyes. Of particular use are those dyes of 
the ethidium, phenaZines, furocomarins, phenothiasines and 
quinoline type Which on intercalation With the duplex 
strands of nucleic acids change dye detection properties. 
General revieWs and further information can be obtained in 
Berman et al.,Ann. Rev. Biophys. Bioeng, 20, 87 (1981). For 
example, a preferred dye is ethidium bromide, Which When 
intercalated into a duplexed-nucleic acid can be detected by 
excitation of the reaction mixture With short-Wave UV light 

(259-350 nm). 
[0136] Incorporation of modi?ed nucleotides or modi?ed 
primers during nucleic acid replication provides a means of 
introducing nucleotides or oligonucleotides (primers) modi 
?ed With ligands, isotopes, or reporters. During ampli?ca 
tion, these modi?ed bases or primers are incorporated into 
the ampli?ed product sequences. These approaches afford 
several detection strategies. For example, the incorporation 
of biotinylated or ligand modi?ed bases provides means of 
isolating the ampli?ed nucleic acid products from solution 
onto a immobiliZed streptavidin or avidin. The addition of an 
avidin-signal-generating conjugate then facilitates detection. 
The ampli?ed sequences may also contain signal-generating 
labeled bases, such as, ?uorescein or digoxigenin. These can 
be detected directly on the solid-phase support. 

[0137] In another embodiment, the sequence of the ampli 
?ed ASA product could be designed to position ?uorescent 
bases Within the signal nucleic acids for energy transfer or 
position the biotinylated bases so that binding of avidin 
labeled enZyme(s) reporters Would result in enZyme chan 
neling. Using these approaches, the ampli?ed ASA can be 
detected Without the need for separation from the unincor 
porated bases. According to molecular modeling and recent 
reports, (R. A. Cardullo et al., Proc. Natl. Acad. Sci. USA, 
85, 8790 (1988)), energy transfer can be achieved at dis 
tances betWeen the ?uorophores of as much as 12 bases 
apart. HoWever, optimum distance appears to be someWhere 
betWeen 5 to 12 bases. At one ?uorophore base per helix turn 
(10 nucleotides), this positions the donor and acceptor 
?uorophores in appropriate proximity for energy transfer. 

[0138] It is contemplated that the analyte-speci?c ampli 
con may also be detected directly Without nucleic acid 
ampli?cation. This can be accomplished in a number of 
Ways. Within the context of the ligation approach, the 
double-stranded region, (comprised of the annealed ASA 
and linker), can be detected through labeled antibodies 
speci?c for double-stranded DNA. The ASA can also be 
detected through the linker oligonucleotide itself. The linker, 
for example, may be engineered to contain a label such as 
biotin or ?uorescein. Once the linker is speci?cally bound to 
the ASA, the labels could be detected through antibody 
conjugates, direct ?uorescence, or ?uorescent energy trans 
fer (FET), for example. 

[0139] Within the context of the overlap approach, the 
double-stranded region formed by the overlap of the tWo 
nucleic acid labels can be detected through labeled antibod 
ies speci?c for double-stranded DNA. The ASA may also be 
detected by FET Where the nucleic acid labels contain 
?ourophores that, When in close proximity to each other, 
change their spectral emission properties. For example, one 
of the nucleic acid labels may be engineered to contain 
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?uorophore “A” at or near its 3‘ end While the other Would 
contain ?uorophore “B”, each ?uorophore having its oWn 
emission spectrum. When the overlap of the tWo nucleic 
acids forms, the ?uorophores Will be brought into close 
proximity and a shift in the emission spectrum of one or both 
?uorophores Would be detected. In an alternate embodiment 
for the detection of the ADRC Without nucleic acid ampli 
?cation may include an extension of the labels in the 
presence of a labeled nucleotide. For example, once the 
overlap has formed, the 3‘ ends Would be extended by DNA 
polymerase I in the presence of the four nucleotides, one of 
Which Would be labeled (i.e., biotin or ?uorescein, for 
example). The labeled ASA Would then be detected by any 
number of detection strategies. 

[0140] Primers and Oligonucleotide Labels 

[0141] Design of Primers 

[0142] The primers Were designed With the aid of OligoTM 
4.0 (National Biosciences Inc., Plymouth, Minn.). Primers 
Were designed With random base sequences that exhibit 
speci?city, G+C content (around 50%), de?ned duplex sta 
bility (Tm, 52° C.) and duplex internal stability for PCR 
primers as described by Rychlik et al., Nucleic Acids 
Research, 18, 6401, 1990, Methods in Molecular Biology, 
15, 31, 1993. Primers Were designed to be free of duplex 
formation (dimers or hairpins), and to have sequences lack 
ing stretches of homopolymers. Further, the primers Were 
designed so that the sequences, comprising the ten 3‘ ter 
minal bases of each primer, are unique to the primer-binding 
sites of the DNA label sequence design and are not found in 
the sequences of either the labels or their complements. 

[0143] Design of Nucleic Acid-labels 

[0144] The present assay method uses nucleic acid-labels 
designs Whose structures depend on Which of the tWo assay 
formats is being used to link the tWo nucleic acid-labels to 
form the analyte-speci?c amplicon (ASA), the overlap for 
mat or the ligation format. 

[0145] The nucleic acid-labels for both approaches use 
tWo different labels, each conjugated to the tWo assay 
antibodies, Which When linked together form the ASA. Each 
nucleic acid-label Was designed to be free of duplex forma 
tions (dimers, 3‘ duplexes or hairpins), and sequences that 
lack stretches of homopolymers. Each Was designed With 
three de?ned sequence regions: a 5‘ sequence, the 3‘ 
sequence and a variable “stuffer” sequence betWeen the 
de?ned-terminal sequences. The siZe and functional feature 
of the 5‘ and 3‘ de?ned-terminal sequences depend on the 
needs of the format of the assay, overlap or ligation formats. 
Each nucleic acid-label is designed to be associated With one 
ampli?cation primer-binding site of the ASA. The primer 
binding sites Were designed so that their sequences are 
comprised of the complement to the ten most 3‘ terminal 
bases (sequence) of the ASAprimer (5‘ terminal sequence of 
the primer-binding site) associated With that speci?c nucleic 
acid-label. This sequence exists only Within the primer 
binding sites of that nucleic acid-label or its complement 
sequence, depending on Which format of nucleic acid-labels 
are being used. Also, these 5‘ terminal sequence of the 
primer-binding sites are not found elseWhere in the 
sequences of either nucleic acid-labels or their complement 
sequences. 


























